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0.44)4O33(OH)3]}·nH2O (n ≈ 1)       (3) 
其中，化合物 1 和 2 是首次报道的含铬配合物作为“帽式”结构单元的多金属


























(H3O)2(Hpy)4[W18O54(PO4)2]                                        (4) 
[Cd(phen)3]3[W18O54(PO4)2]·2H2O                                    (5) 
(Hdma)4[Cd(phen)3][W18O54(PO4)2]·2H2O                              (6) 
(Hpy)4[Cd(phen)2][W18O54(PO4)2]·nH2O (n≈3)                          (7) 












(C4N2H12)(C2N2H10)2[Mo5O15(PO4)2]                                  (8) 





8O36(PO4)]·2H2O                   (10) 
其中，化合物 8 和 9 的聚阴离子具有相同的 Strandberg 构型，但其有机阳
离子[C4N2H12]
2+和[C2N2H10]





























(Hpy)2[Ag2(phen)4]2(P2W18O62)                                       (11) 




物 12 在均相体系下未能制得。 






















Polyoxometalates (POMs), a kind of polymetallic clusters bridged via O-atoms, 
have been attracting plenty of attention for its varieties of structure and unique 
performances. Meanwhile, it has inviting application prospects in the fields of 
material, catalysis, biology, medicine, and so on. Hydrothermal synthesis, which 
has numerous merits such as easy to get pure phase, low reaction temperature, 
simple equipment, low cost, fast and efficient, is an effective and practical way to 
obtain novel POMs.  
However, in hydrothermal conditions, reaction processes are hardly controlled 
and experimental results are difficultly forecasted owing to the ―one-pot‖ and 
―black box‖ features of hydrothermal synthesis. With the addition of the 
complicated mechanism of synthesizing POMs, to designedly synthesize a new 
functionally-oriented POM-based material is still a quite challenging work. 
Aiming at these deficiencies, this research is to explore new technologies of 
hydrothermal synthesis and new self-assembly ways to achieve the goal of 
controlling reaction process. This study is also to synthesize new 
functionally-oriented POMs by the means of getting insight into reaction 
mechanisms of hydrothermal synthesis and finely adjusting reactions. Moreover, 
the relationships between reaction conditions and experimental results have also 
been systematically studied. Partial new-structural POMs in this study have been 
fully characterized and their synthesis conditions have been optimized. The main 
contents and innovation points of this study are as follows: 
1. A new stepwise self-assembly program has been explored to synthesize 
capping-structural POMs. Using K2Cr2O7 (rather than chromic salt, e.g. CrCl3) as 
reactant, newly-generated and high-active Cr
3+
 is applied to form intermediate (i.e., 
oxygen-laden transition metal complex (e.g. [O2Cr(phen)]
-
)) in the process of 













厦门大学博士学位论文  新型有机-无机（杂合）多金属氧酸盐的合成、晶体结构及表征 
ii 
 
bi-Cr-capping ―heteropoly blue‖ compounds have been obtained by virtue of 
reasonably utilizing redox. At the same, another tetra-Co-capping ―heteropoly blue‖ 

















0.44)4O33(OH)3]}·nH2O (n ≈ 1)         (3) 
The Cr-complex acting as ―capping‖-structural units in compound 1 and 2 has never 
been reported before. Meanwhile, in the Keggin-type polyanion of compound 3, the 
features that molybdenum atoms are partially substituted by tungsten atoms and the 
two kinds of atoms are in disordered state in addition are also infrequent. 
The experimental program solves a puzzle that Cr
3+
 is difficult to combine with 
organic-ligands for the existence of [Cr(H2O)6]
3+
 ion under the condition of aqueous 
solution, achieves the goal of controlled-assembling organic molecules and inorganic 
polyoxoanions using transition-metal node, puts forward a bran-new idea to crack 
the conundrum of synthetic reaction with high activation energy barriers. 
    2. A series of systematic tests, which employ the same compounds (i.e. Na2WO4, 
H3PO4, Cd(NO3)2·4H2O, 1,10-phenanthroline, pyridine and H2O) as reagents by 
means of systematically changing other reaction conditions (such as the molar ratio 
of reagents, pH-value, temperature), have been carried out. The relationship and 
regularity between reaction conditions and experimental results have also been 
investigated. Four new discrete structural polytungstates have been obtained: 
(H3O)2(Hpy)4[W18O54(PO4)2]                                         (4) 
[Cd(phen)3]3[W18O54(PO4)2] ·2H2O                                    (5) 
(Hdma)4[Cd(phen)3][W18O54(PO4)2]·2H2O                               (6) 
(Hpy)4[Cd(phen)2][W18O54(PO4)2]·nH2O (n≈3)                           (7) 
Compounds 4-7 are all Wells-Dawson-type polytungstates, whose 
organic-ingredients and their attended modes are discrepant. Compound 7 is the 
first example, of which hybrid [Cd(phen)2]
2+
 cation connect [W18O54(PO4)2]
6-
 
polyanion via bi-bridging oxygen atom (μ2-O). The asymmetric 
{[Cd(phen)2][W18O54(PO4)2]}
4-
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